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ABSTRACT. Skulls of the carnivorous cynodonts Belesodon and Chiniquo- 
don from the Triassic Santa Maria beds of Brazil are described and figured, 
as well as mandibles and postcranial materials of the latter genus. 


INTRODUCTION 


In connection with current studies on the cranial anatomy of 
carnivorous cynodonts from the Triassic Chaniares Formation of 
Argentina, my attention has been recalled to two apparently related 
cynodonts, Belesodon and Cluiniquodon, from the Middle Triassic 
Santa Maria Formation of Brazil. These forms were described by 
Huene (1944), but described on such imperfect cranial material 
that their relationships and much of their structure have remained 
in doubt. 

Only a single specimen of each was present in Huene's collection. 
Of Belesodon, the skull was nearly complete, but somewhat dis- 
torted and obviously rather crushed, so that Huene, although fig- 
uring it in dorsal and ventral aspects, was unable to give satisfactory 
lateral views. Further, its cheek teeth had been lost, so that it was 
even suspected at one time of being a gomphodont rather than a 
carnivore (Bonaparte, 1963). Of Chiniquodon, only a fragmen- 
tary and battered skull was found, and although a carnivorous denti- 
tion was partially preserved, little of cranial structure can be made 
out from Huene's published photographs. Bonaparte (1966) has 
described a specimen from the Ischigualasto beds (later in time 
than those of Santa Maria), which he believes to be a surviving 
Chiniquodon, but this specimen is likewise very fragmentary in 
nature. 

For the two genera, Huene established the family Chiniquo- 
dontidae in 1956, but he gave no diagnosis of this new group; 
indeed, few facts were available which could be utilized for a family 
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definition. However, comparison with obviously similar specimens 
from the Chanares Formation has helped to clarify the nature of 
the Santa Maria forms, as have notes given me by Sr. Bonaparte 
resulting from a recent study of Huene's specimens. The general 
nature of the two genera is now clear, Belesøodon possessed, it is 
certain, a dentition similar to that of Chiniquodon, and the two 
are closely related. 

A major aid to understanding comes from undescribed ma- 
terials' in the Museum of Comparative Zoology, collected by a 
Brazilian expedition in 1936, conducted by Dr. T. E. White and 
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Fig. 1. Dorsal view of the Belesødon skull, MCZ 1533, as preserved. 
KAGE 


” Preparation of the material here described was made possible by National 
Science Foundation Grant GB-500. 
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L. I. Price, in the Santa Maria beds. These include å skull (MCZ 
1533) comparable to Huene's Belesodon type, and two skulls 
which appear referable to C/iiniquodon (MCZ 3614, 3615). 
These skulls were collected south of Candelåria, State of Rio 
Grande do Sul, in Santa Maria beds apparently comparable to 
those in which Huene had collected at Chiniquå. In this area, 
the Harvard expedition collected a considerable quantity of dicyno- 
donts, a few cynodonts, and a single archosaur. As at Chiniquå, 
and in contrast to the Santa Maria area, no rhynchosaurs were 
found. Price has later collected more material from this region, in- 
cluding the only South American procolophonid (Price, 1947), 
and collaborated with E. H. Colbert in collecting still further Can- 
delåria specimens for the American Museum of Natural History. 

The skull specimens described here are somewhat distorted, and 
furthermore, as in much Santa Maria material, action subsequent 
to burial (probably thermal, perhaps due to the superposed Serra 
Geral volcanics) has resulted in the presence of numerous breaks 
of the bone surface, giving an effect similar to that of "crackle- 
ware” pottery (Fig. 1). This has made it difficult to be sure of 
the sutural pattern in many instances. In my figures, I have to 
some degree "idealized” the specimens, correcting dislocations 
and distortions, omitting obviously unnatural breaks and cracks, 
and filling in the outlines of various minor deficiencies. This may 
have resulted in minor inaccuracies, but I do not believe them 
serious, and this procedure yields a better understanding of skull 
morphology than would a literal portrayal of damaged detail. Since 
I am elsewhere describing much better preserved Chanares rela- 
tives, I shall give here only a very general account of the Santa 
Maria material. 


BELESODON 
(Figs. 1-5) 


The MCZ, Belesodon skull (No. 1533) measures 224 mm in 
length from premaxilla to occipital condyles. It is thus rather com- 
parable in size to Huene's type, in which this same measurement 
is 258 mm. The general skull proportions (and those of Chiniquo- 
don as well) are similar to those of the earlier (and more primi- 
tive) cynodonts of the family Thrinaxodontidae. The center of 
the orbit is slightly anterior to the mid-length of the skull, whereas 
in the type, as figured, it is very slightly posterior. Septomaxillae are 
present, but somewhat displaced, and their posterior limits are not 
clear; presumably they conformed to the usual cynodont pattern. 
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The orbital rim is imperfect in the lacrimal region, but there does 
not seem to have been development of the somewhat variable 
protuberances seen in other chiniquodontids, along the rim an- 
terior to the lacrimal duct. Anterior to this point, on the boundary 
between lacrimal and maxilla, there is a well-marked pit which 
appears not to have been present in the Belesodon type. The sagit- 
tal crest is high, and the two parietals are closely appressed, al- 
though not fused. There is a narrow cleft between the parietals 


Fig. 2. Restored dorsal view of ihe Belesodon skull, X Ya. Abbrevia- 
tions for Figures 2 —8:; hø, basioccipital; hs, basisphenoid; d, dentary; e, 
epipterygoid; f, frontal; fo, fenestra ovalis; j, jugal; jf, jugular foramen; 
I, lacrimal; m, maxilla; nm, nasal; oc, occipital complex; p, parietal; pap, 
paroccipital process; på, palatine; pm, premaxilla; po, postorbital; pp, post- 
parietal; ppf, plerygo-paroccipilal foramen; pr, prootic; prf, prefrontal; pri, 
pterygoid; prf, postemporal fenestra; sm, sepltomaxilla; sy, squamosal:; r, 
tabular. 
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anterjorly, but the presence of a parietal foramen is doubtful. The 
condition of the specimen shows clearly that the parietals diverge 
posteriorly to take part in the occipital crests, clamped between the 
squamosals anteriorly and the postparietal posteriorly. On the oc- 
cipital surface, sutures between the occipital complex and the ad- 


jacent dermal elements are difficult to determine. 


Fig. 3. Restored lateral view of the Belesodon skull. x YA. 


Except for highly developed canines, the teeth åre represented 
only by their sockets. There were the four incisors commonly 
present in cynodonts. The cheek teeth formed a somewhat curved 
row, turning outward posteriorly, where the maxilla extends some- 
what outward and downward beyond the general line of the check. 
There appear to have been 12 cheek teeth, which presumably had 
the posteriorly curved tips seen in other chiniquodontids. The 
secondary palate is greatly elongated beyond the limits seen in non- 
chiniquodontid cynodonts. The posterior end of the secondary 
palate is somewhat incomplete on the left side; I have restored 
it to the condition seen on the right. The maxillary-palatine suture 
is obscured, but it is obvious that a great part of the secondary 
palate is formed by the palatines. For a short distance at the pos- 
terior end, the secondary palatal plate projects freely backward 
without being tied in at either side to the primary plate of the 
palatine. The posterior end of the vomer is presumably present in 
the roof of the choanal region, but its sutural separation from the 
pterygoid is obscure. The typical posteriorly-projecting "finger" 
of the palatine is present on either side of the primary palate, 
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Fig. 4. Restored palatal view of the Belesodon skull. x 3. 


separating medial and lateral palatal areas of the pterygoid. The 
boundaries of the eetopterygoid — presumably present but small 
cannot be determined. On cither side of the primary palate, a 
distinct longitudinal ridge is present åt the line of suture between 
palatine and medial palatal ramus of the pterygoid. These ridges 
continue backward along the pterygoids, gradually converging pos- 
teriorly. A slight medial ridge is present at the line of suture 
between the two pterygoids. Ventrally-projeeting flanges from the 
two pterygoids are highly developed. 

The parasphenoid-basisphenoid region appears to have a nor- 
mal cynodont strueture, but the bone is somewhat imperfect. The 
ventral suture between the sphenoid and the occipital complex is 
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obscure. At about the position where this suture would be ex- 
pected, somewhat anterior and medial to the jugular foramina, are 
a pair of pits which may be foråamina. The ventraål braincase sur- 
face is imperfect lateral and anterior to the fenestråe ovales. On 
the lateral surface of the braincase, relations of the prootic to 
adjacent elements are none too clear, but, as is usual in cynodonts, 
there is evidence of a groove for a vein lying between the prootic 
below and the squamosal and parietal above. The quadrates (as 
is all too common in cynodont specimens) are missing. 


Fig. 5. Restored occipital view of the Belesodon skull. X %3. 


CHINIQUODON 
(Figs. 6-9) 


As noted above, Chiniquodon was founded on a very incomplete 
skull, poorly preserved and poorly illustrated. The Harvard speci- 
mens add very considerably to our knowledge of this genus. They 
include two skulls (MCZ 3614 and 3615), a pair of mandibles, 
and some postcranial materials. Of the two skulls, MCZ 3614 
measures 152 mm in length to the occipital condyles; MCZ 3615 
is imperfect in the premaxillary region, but appears to be very 
closely comparable in size. The type skull would appear to have 
been about 140 to 145 mm, if complete. The two Harvard skulls 
are thus very close to the type in size and, further, appear to match 
the type closely in such features ås Huene was able to describe. 
The skulls, like that of Belesodon, show a "crackle-ware” pattern 
which makes interpretation difficult. As in the case of Belesodon, 
I have attempted to present figures of the skull in which the 
"crackle-ware” effects are eliminated and in which breaks and 
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effects of crushing and distortion have been eliminated. The skull 
roof is rather well preserved in MCZ 3614, but little can be made 
of the pålate. In contrast, the roof is not too good in MCZ 3615, 
but most of the palatal structure can be readily made out. MCZ 
3615 has undergone strong lateral crushing. MCZ 3614, on the 
contrary, appears broad and relatively flat, so that dorsoventral 
crushing might be suspected. However, this is apparently not the 
case, for the braincase at the level of the parietal crest is as high in 
MCZ 3614 as in MCZ 3615. 

My figures are based on a synthesis of features seen in the two 
skulls; the dorsal surfåce, arches, and occiput conform mainly to 
MCZ 3614; the palate and ventral portion of the braincase derive 
almost entirely from MCZ 3615. As in Belesodon, the general 


Fig. 6, Restored dorsal view of the Chiniquodon skull. X %. 
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Fig. 7. Restored lateral view of the Chiniquodon skull. X 7%. 


proportions are comparable to those of thrinaxodonts. In neither 
skull are the ascending processes of the premaxillae, separating 
the nostrils, preserved; however, their slender distal tips are seen 
in MCZ 3614 between the nasals. The narial region is present 
only in MCZ 3614, but even here is damaged and the septomaxil- 
lae displaced and crushed, so that pattern in the region of the ex- 
ternal nares is somewhat doubtful. As in Belesodon, the maxillae 
arch far dorsally around the roots of the canines; the canine swell- 
ings are not as marked as in Belesodon except posteriorly, where 
there is a sharp contraction in cheek width. The posterior end of 
the maxilla, beneath the orbit, projects very distinctly below the 
general contour of the cheek. The large nasals and the shorter. 
triangular frontals, ridged on either side by the postorbitals, com- 
pare closely with those of Belesodon. As in that genus, the crests 
of the two parietals are separated anteriorly for a short distance, 
but details are too imperfect to be sure whether or not a vestigial 
parietal foramen was present. The parietals continue backward 
conjoined in a high crest. Its summit is thinner than in Belesodon, 
and the two bones more closely appressed than in that genus, so 
that little trace of a median suture can be made out. The con- 
dition of the specimen is such that it cannot be determined how far 
the parietals extend posterolaterally into the occipital crests. 

Of the circumorbital elements, the prefrontal occeupies a mod- 
est area above the orbits; its boundaries are none too clear. The 
equally small lacrimal is situated below it on the anterior orbital 
border; a small but distinct protuberance extends back over the 
orbital rim external to the lacrimal foramen. Anterior to this point 
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there is a slight depression in the contour of the face, but this is 
much more shallow than the rather deep pit which appears to be 
present in Belesodon. The jugal is, as customary, a large element. 
Its slender anterior end lies between lacrimal and maxilla just 
anterior to the orbit; posteriorly it expands beneath the orbit to 
extend most of the length of the zygomatie arch, reinforced ex- 
ternally by the squamosal. It forms the lower part of the post- 
orbital arch; its suture with the postorbital bone is indistinct. This 
last element forms most of this arch. On the dorsal surface it ex- 
tends slightly farther forward than in Belesodon, and then with a 
dorsal ridge, swings backward to sheath the parietal laterally for 
some distance. The squamosal has the typical cynodont pattern of 


Fig. 8. Restored palatal view of the Chiniquodon skull, X 2%. 
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two semi-distinct parts. The zygomatic arch ramus constricts pos- 
teriorly to join the more medial segment of the bone with a rela- 
tively narrow neck far down the side of the skull. The medial 
ramus extends from the back end of the sagittal crest as a broad 
sheet of bone which, sheathing postparietal and then tabular an- 
terolaterally, curves outward and downward along the anterior 
surface of the occipital crest. The details in the region of the 
quadrate (which is absent) and of the paroccipital process are not 
well preserved; clearly seen, however, is the thickened area of the 
squamosal which runs downward along the ventromedial margin 
of the occipital ramus, lateral to the prootic, to strengthen the inner 
end of the quadrate region. 

In MCZ 3615 the occiput is strongly compressed laterally; 
the proportions are more normal in MCZ 3614, although there is 
a slight spread ventrally between the occipital crests. In neither 
specimen are details well preserved, and sutures are obscured. 

Almost nothing can be made of the palate of MCZ 3614, and 
reliance must be placed on MCZ 3615. Even here, the anterior 
part of the palate is in none too good condition; however, except 
for the palatal exposure of the premaxillae, the general structure 
is clear, although the breadth may have been somewhat less than 
I have figured it. The secondary palate here is developed to the 
same major extent as in Belesodon, with the palatines playing a 
major part in it. Details of the primary palate posterior to the 
end of the secondary palate are obscure as to sutural relations of 
pterygoids, ectopterygoids, palatines, and vomers. There are well- 
developed pterygoid flanges, but these are less prominent than in 
Belesodon. Posterior to the contraction of the palatal structures 
into the basicranial "girder,” the ventral braincase structures, of 
proper cynodont character, are clearly discernible. The lateral 
walls of the braincase are somewhat imperfect in both specimens, 
but are rather better preserved in MCZ 3614 . The parietal above, 
the squamosal posteriorly, and the pterygoid ventrally, with the 
epipterygoid and prootic filling out the side walls of the braincase 
area, appear, as far as can be determined, to form a typical cyno- 
dont pattern. The distal end of the quadrate ramus of the epi- 
pterygoid is unfortunately imperfect. 

Of the premaxillary-maxillary dentition, MCZ 3614 shows the 
four customary incisors, here of small size, broadly spaced across 
the arch formed by the premaxillae. The canines are stout; one, 
measuring 20 mm in its exposed portion, is completely preserved. 
The cheek teeth are moderately well preserved in MCZ 3615. The 
two series begin anteriorly somewhat medial to the canines and 
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extend backward, diverging at an angle of about 35”7-40" to each 
other, well below the level of the secondary palate; the rows are 
nearly straight for most of their extent, but curve somewhat out- 
ward posteriorly. On the right side of MCZ 3615 a small anterior 
alveolus is followed by eight teeth; on the left, there are eight 
teeth, with posteriorly an alveolus in which a ninth tooth was 
forming. As in carnivorous cynodonts in general, the teeth are 
oval in shape at their bases; subcircular in the case of the small 
anterior teeth, elongate anteroposteriorly in the more posterior 
members of the series. The crowns are almost all lacking in MCZ 
3614, are rather imperfect on the left side of MCZ 3615, but in 
fairly good shape on the right side of the latter specimen. The 
first three appear to have single cusps. The fourth and fifth teeth 
are imperfect, but the fourth appears to have an accessory pos- 
terior cusp, and the fifth definitely has a small anterior accessory 
cusp as well. On tooth six, the anterior cusp is somewhat medial 
but remains small; the posterior one is becoming larger. In teeth 
seven to nine the posterior cusp is very prominent, and has di- 
vided to give off a secondary posterior cusp near its base. The 
anterior cusp persists in teeth seven and eight, and extends pos- 
teriorly on the medial surface in cingulum fashion on the former. 
It has disappeared in the last tooth. The tips of the main cusps of 
teeth five through seven are incomplete, but in teeth eight and 
nine, this cusp is complete and is seen to be curved sharply back- 
ward. 

With the skulls was found a conjoined pair of lower jaws, poorly 
preserved, much "crackled,” and incomplete posteriorly. The jaws 
are of a size appropriate to the skulls. The large dentary is nearly 
completely preserved, except for its posterior tip. The splenial is 
present, but there are few identifiable remains of other postdentary 
elements. The angle of the dentary is sharply marked and thick- 
ened ventrally. The symphysis is, as expected, extremely stout. 
On the inner surface of the ramus, traces of the meckelian groove 
between dentary and splenial are visible anteriorly. Posteriorly, 
the outline of the hollow (sharply defined dorsally), which should 
house the surangular, is visible. The dentition is poorly preserved. 
There appear to have been three incisors in front of the stout 
canines. The lower postcanine tooth row forms a nearly straight 
line on either side, the two rami diverging at an angle of about 
40”. The area for the roots of the cheek teeth forms a very dis- 
tinct swelling along the upper part of the inner surface of the 
dentary; this swelling — and the tooth row itself — extends to a 
point åa short distance back of the base of the ascending ramus. 
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Little can be made of the cheek tooth series except that all were 
thin-oval in section and compressed lateromedially, and that the 
more posterior ones were, as expected, longer anteroposteriorly 
than the smaller anterior ones. There are eight members in the 
series. 

A collection of postcranial elements of appropriate size (Fig. 9) 
was also found with the two skulls. A number of disarticulated 
vertebral centra had diameters of 12 to 16 mm, and lengths of 10 
to 14 mm. Two scapulae were present, with heights as preserved 
of 72 and 81 mm; with one were associated a pair of coracoidal 
clements. The shoulder girdle is of a typical cynodont pattern. 
Two complete and a third, incomplete, humeri are present. A left 
humerus, with a length of 78 mm, is essentially perfectly preserved. 
It is of a typical cynodont type, but is relatively short and stout 
as compared with that of Diademodon, for example; in that form, 
the distal width is but slightly over half the length, whereas here 
this figure is just short of 60 per cent. Associated in the beds 
with this material was a tiny humerus, obviously that of a "young- 
ster,” As preserved, it measures 29 mm in length. The distal 
end is not preserved and was presumably poorly ossified, if ossified 
at all; even if allowance be made for this situation, the total length 
in life would have been but approximately 40 per cent that of 
the more adult specimen described. 

A disarticulated right ilium is nearly complete, except for the 
posterior tip of the blade, but is badly battered and cracked. Its 
breadth across the articular areas for pubis and ischium is 34 mm. 
The supra-acetabular buttress is highly developed, extending out- 
ward some 11 mm over the deepest part of the acetabulum. A 
small but very distinct pocket is present on the outer surface of the 
ilium, close to the acetabular margin, just in front of the buttress. 
The greatest length of the iliac blade, as preserved, is 55 mm. Two 
ischia are present; the better preserved is illustrated, reversed, in 
articulation with the ilium. There is a very distinet posteriorly- 
facing surface for the iliotrochantericus. 

A left femur, with a length of about 80 mm, is, in general, of 
typical cynodont type, slender in build (as compared with the 
stout humerus), with a proximal width across the head and greater 
trochanter of 32 mm, a shaft diameter of 9 mm, and a distal width 
of 23 mm. As typical of the cynodonts, the dorsal surface of the 
head is flattened and, indeed, somewhat concave in section. 
There is a distinct, if shallow, intertrochanteric fossa, and a dis- 
tinct internal trochanter from which a pronounced adductor ridge 
extends nearly half the length of the bone. Distally, there is little 
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Fig. 9. Postcranial elements found with the Chritriguodon skulls. X %4. 
A, left ilium and ischium; B, fibula; C, femur, ventral aspect: D, humerus, 
ventral aspect; E, tibia, flexor aspect; , scapulocoracoid. 
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development of an intercondylar fossa on the dorsal surface. Ven- 
trally, the two articular areas for the tibia are very highly de- 
veloped and rounded; the articular areas face essentially distally, 
indicating a more extended average position of the tibia than in 
more primitive forms. Two tibiae and one fibula are present. The 
tibiae have slender shafts but expanded termini. The right tibia, the 
better preserved of the two, measures 57 mm in length, with 
widths proximally of 14 mm, midway of the shaft 7 mm, distally 
17 mm. The cnemial crest is sharply developed. A thin ridge, 
most prominently developed proximally, is present along the lat- 
eral edge of the shaft for about a third of its length, beginning a 
short distance below the head of the bone. The fibula preserved 
is 59 mm long. The head is broadened but flattened in primitive 
fashion; the distal articular surface, stout and convex in shape, is 
15 mm wide. 

In the Museum of Comparative Zoology collections is a small 
cynodont skull, MCZ 3035, collected by Price in the Candelåria 
region, measuring 65 mm in length. Little detail can be made out, 
but there is evidence of cheek teeth of a recurved, chiniquodontid 
type, and the specimen seems surely a juvenile of either Chiniquo- 
don or Belesodon. 


DISCUSSION 


Despite imperfections in the materials, the skulls figured and dis- 
cussed above give us a much better picture of the cranial anatomy 
of Belesodon and Chiniquodon than could be obtained from 
Huene's specimens. It is obvious that these two forms are closely 
related, as Huene believed to be the case, and have a number of 
distinctive characters in common, notably the remarkable develop- 
ment of the secondary palate. Watson and I (1956) and Lehman 
(1961) suggested their inclusion in the Cynodontidae. But they 
do not show any indication of derivation from typical members of 
that family. Their general proportions and some details (such as 
dentition) indicate alliance with, and derivation from, the 
Thrinaxodontidae, as suggested by Bonaparte (1966), but the 
notable advance in the palate seems in itself justification for 
Huene's having erected for them the family Chiniquodontidae. 

Are Belesodon and Chiniquodon so closely related that they 
should be placed in the same genus? The answer is not clear. No 
great weight should be given to minor differences between the two 
skull types as figured here, since, as I have pointed out, the skulls 
on which my illustrations are based are imperfect, and seeming dit- 
ferences may be due in part to misinterpretations of the data or 
differential crushing. On the whole, I believe it better to maintain 
their distinction until further and better materials are available. 
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'» It might further be suggested that Chiniquodon and Belesodon 
are merely growth stages of the same form, and that differences 
such as the greater number of cheek teeth in Belesoødon are merely 
a function of age and increase in size. This is possible but, I think, 
unlikely. It is probably no coincidence that, in the case of Huene's 
materials from Chiniquå and ours from Candelåria, the specimens 
found are distinctly members of two size groups. Although it is 
known that in cynodonts the length of the dental battery may 
increase with additions to the tooth number, the maxillary struc- 
ture of Chiniguodon is such that it is difficult to see how several 
further teeth could be added posteriorly. Apart from lack of fusion 
of elements of the shoulder and pelvic girdles, there is little evi- 
dence of immaturity in the known Chriniquodon material. For 
example, the humeri of this form, described above, are essentially 
completely ossified, with apparently little cartilage at either end. 
They seem sufficient (but barely sufficient) to function in an ani- 
mal of the proportions indicated by the Chiiniquodon skulls; but it 
is impossible for such a humerus to have grown to the size neces- 
sary for support of an animal of the bulk indicated by the Bele- 
sødon skulls. 

In sum, I think it best in the present state of our knowledge to 
consider C/tiniquodon and Belesodon as distinct but closely re- 
lated, and to provisionally retain the two as members of sympatric 
genera, 
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